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18 ACCRETIONARY GROWTH STRUCTURES

ABSTRACT.

Macro- and micro-accretionary growths of calcareous, phosphatic, pyritic,
limonitic, glauconitic and sulphatic composition, are marked features of some
of the sediments outcropping along certain parts of the south coast of Western
Victoria. Of lesser abundance are siderite, manganese dioxide and halite
accretionary growths. Their distribution, mode of occurrence and nature have
been studied along some 25 miles of the coastline, extending from Freetrader
Point in the southeast, through Princetown and Port Campbell to beyond
Peterborough in the west.

The accretionary structures range in form from isolated nodules and
concretions to discontinuous layers and sheets developed under different
conditions in several horizons of a stratigraphical sequence composed of Lower
Cretaceous, Paleocene-Lower Eocene, Lower Miocene-Oligocene, Miocene, Post
Miocene, Pleijstocene and Holocene to Recent deposits.

INTRODUCTION,

Aceretionary bodies of various =hapes and sizes composed
of different types of zecondarily agercgated mineral matter.
sometimes markedly different from, often mneh the <mune as the
principal constituents of their host yocks, ocenr sporadically in
parts and in conxiderable prominence elsewhere along the sonthern
coastline of southwest Vietoria.  These structurves are in vocks
ranging from Lower Cretaceons to Recent in age, exposed i
occasional quarvies, strean heds, voad cnttings, hovrow prt= and
landslip sears, hut wainly in hold. conmuonly vertical son chifis.

7 The arca embraced by these studies extends from Freeteader
Pomt (fig. 1) on the <onth-western lanks of the Ofwar Ranges
along the seaboard of the Port Camphell coastal plain 1o a ]):inr.
somie 25 miles to the west, hevond Peterborongh.  Marine and
snbaerial erosion combined. have exposed the more resistant
aceretionary growths to the hest advantage in steep ligl ‘u]iﬁ'\-
of relatively soft sediments, - |

. The aceretionary growths foro ~heets, discontinnons lavers
irregularly-shaped  tuberous  forms,  individual nn(ln.]m(‘ .ml(]'
coneretions, and occasional ¢rvstal ageregates,  [ew ;,f (ﬂ ,
nodules and coneretions reveal concentrie ST]']](‘t.]n'(Ag inf(’]‘]]il“i'(

Some of the aceretions are epigenetic in havine fornied
subsequently to the copaction of the host straty ()?hm,‘n.“.()
syngenetic or carly diagenetic and were formedd 1.‘0111-0111"(:\ d%(-
with the depogsition of detrital constituents op shortly affm.]“fr?]].fis

. < Dy

Specimens mentioned in this paper are in the c ‘tions Tat! N
of Victoria. Reg. Nos. E.2560 o E.2599. collections of the National Museun
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Fieure 1.—Locality map of the coastal region between Freetrader Point and Warrnambool, South-western Victoria.
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Such aceretions are products of the several processes operating
when sediments are deposited in environments where they are
temporarily out of equilibrium with the prevailing chemieal,
biochemical and physical conditions.

Factors determining the shapes of the different aceretions
vary from sediment to sediment and sometimes within the sane
sediment. Porosity of the sediment and an adequate snpply of
aceretion-building material controlled the developrent of niost
of the aceretionary bodies. Bedding and joint planes inflnenced
the shape of epigenetic examples in particular. The shapes of
some syngenetic to ecarly diagenctic examples were primarvily
determined by fossil structures which acted as nuelei for precipi-
tation. The shape of derived nodules (e.g. remanié phosphatic
examples) was fnndamentally controlled hy rolling on the sca
floor. Agitation was necessary for the development of oolithic
grains in sote of the sediments, and for the growth of free
pisoliths and ooliths in cave pools.

The mineral matter constituting the aceretions is most
frequently caleareous, sometimes phosphatic and  sometihnes
glanconitie.  Less often it is pyrite, lhmonite, siderite, gypswu
or hydrous iron sulphate, and ionfrequently it is halite or
manganese dioxide. Growth has been by external additions and
merease by adhesion or inclusion, in places more or less regularly,
bnt not always syrnnetrically about a eentral point or line.

(‘aleareons accretions like those deseribed herein have also
been observed in celiffs of Miocene limestone further to the west,
where they are prominent at the Bay of Islands, Flaxman’s Hill,
Stanhope’s Bay and Childers Cove (fig. 1).

Althongh the aceretions are minor features of some and
wanting from other. horizons, calcarcous varieties assume
importance because of their widespread lateral distribution as
lines of nodules and thin sheets in the more richly calearcons
horizons of the Miocene strata (Baker, 19438, p. 360). They
form econspicnous, even if swall-scale features in the local
geomorphology, on weathering of these strata (Baker, 1958).

Some of the aceretions have been  described previously
(Baker, 1942, 1945; Baker and Frostick, 1951); others have
received passing mention in studies of the geology and physio-
graphy of the Peterborough—Moonlight Head area (Baker,
19434, 19438, 1944, 1950, 1953, 1958). This paper (i) brings
togethier the resnlts of studies of all the varions types of aceretions
observed, (1) provides an overall picture of their oceurrence
in the xstratigraphical sequence, (iii) elaborates upon their
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distribution, occurrence and nature in the hold], ('IV)i ;1(1)112})11111?2
. 3 3 143 q . e SOV 5y » .- n: -

their chemical compositions, and (v) discnsses their sig

in the various host strata.

Disrrisurios,

The distribution of the different types of “aceretions ca
be ganged from the arcal extents of the varions sedimeutary
formations and niemhers shown in fignre 2. nsed in conjuncetion
with their vertical distribution in the stratigraphical eolum
shown in Table 1.

TasLe 1.
Vertical distribution of maecro- and micro-aceretionary growth
structures in the stratigraphical sequence of the Moontght
Head—Port Campbell region.

Group and Age, Host Sediment, Muero-aceretions, Miero-aeertions.
Holocene o Noils. - . U Buekshot gravel " Micro-forms of the same
nodules (ferruginous) miterals
' Travertine nodules
[ Beach, (ave, and Dune  (aleareous sand  stalag-  Caleareons cave ooliths
b Rands mites
Normal stalactites  and
‘ stalagmites

Caleareons  beach  sand
‘ plasters on ¢hiff huses
Caleareous nodnles
| Calcareous  tubylay amd
| solid  eylindrieal  con-
’ cretions
Caleareons cave pisoliths |
>y @

Pleistocene .. Dune Limestone .. aleareous  sheets and
nodules
—_— = [
Post-Miocene .. Clay Capping. . -- | Limenitic nodules

Remanié (Miocene) cal-
careous concretions

aceretions | (lauconite pellets

Thin ealcareous sheets Foecal pellets

Pyritic accretions (largely
oxidized)

Rare  phosphatic  and

| pyritic nodules in Rut.-
ledge’s Creek Member

Rare seams of gypsum

Heytesbury Group | Port Campbell Limestone (aleareous
(Miocene) | (aphanitic)

pa 0 DL
flenample  (‘ay {cal- | Caleareous aceretions
careons) Thin caleareous sheets

-_—
Glauconite pellets
Foeeal pellets

=

. - —_—
Gellibrand Clay  (cal- Occasional ealeareous ac. Glaneonite pellets

eareous) cretions Foecal pellets

Occasional pyritic
nodules (some Oxi-
dized)

ery rare, small map.
ganese dioxide nodules
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TABLE 1—continued.
Group and Age, Host Sediment. Macro-accretions. ’ Micro-aceretions.
Heytesbury CGroup | Calcareous Clay of the | Caleareous aceretions | Glaueonite pellets
(Lower Miocene Clifton Formation (some septaria) Foecal pellets
1o Oligocene)
Bryozoal limestone of | Phosphatic sheets . ‘ Phosphatized foecal
the Clifton Formation pellets

Clifton Formation phos-
phorite

Phosphatic nodules

Pellet. phosphate

Gritty Quartz Sandstone
(in part calcarcous)

' Rare pellet phosphate

Point Ronald
Sandy Clay

(?) Oligocene

CoVERED INTERVAL.

Wangerrip  Group
(Lower Eocene to

Ferruginous Sandstone

Limonitie nodules

Paleocene) Princetown Member (car-
bonaeeous silty sand-
stone) of the Dilwyn

Silty Clay

Pyrite nodules

Hydrous iron sulphate
nodules and thin seams
Crystal aggregates of
pyrite
Crystal aggregates of
selenite

Rare, superficial crystal
aggregates of halite

Sandstone  bands  in

Dilwyn Silty Clay

Pyrite nodules
Rare phosphatic nodnles

Glauconite pellets
Minute erystal aggre-
gates of pyrite

Dilwyn Silty Clay

Pyrite noduiles

Oolitic grains of eollo-

Hydrous iron sulphate phane
nodules and thin seams | Micro-replacements  of
Rare phosphatic nodules fossil fragments by
pyrite
Rivernook Member (glai- | Calcareous — phosphatic | Glauconite pellets
conitic) of the Dilwyn nodules and thin seams | Minnte crystal aggre-

Silty Clay

Crystal of

gypsum

aggregates

gates of pyrite

Pebble Point Formation

(glauconitic sand-
stones, grits, and con-
glomerates)

| Pyrite nodules

Small phosphatic nodnles
Rare erystal aggregates
of selenite
Limonitic  sheets
nodules
Remanié (L. Cretaceous)
siderite nodules

and

Glauconite pellets

Foecal pellets

Caleite — siderite — glau-
conite ooliths

(lalcite rims to detrital
grains

Collophane ooliths

AngULAR UNCONFORMITY.

Otway Group (L. | Moonlight Head arkose
(‘retaceous) and rare mudstone
(Devil’s Kitchen Mud-

1 stone)

!

Pyrite nodules
Large calcareons accre- |
tions (“ Cannon Balls ) |
Smaller caleareous |
nodules ‘
Rare siderite nodules
Caleareous sheets

" Caleareons

coneentric
rim-growths around

detrital grains
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('OMPOSITION.
The chemical compositions of the main types of aceretions
are shown in Table 2,
TABLE 2.

Chemical Compositions of Aceretionary Growths,

()” ()” O“ 0" l)" ()" O U“
R,0, . ok 0-38 1-74 1-0N 0-33 3338 41 -8 044 .'1-45:
('aC0, .. o B2 6966 0250 06-17 B0-32 4118 SN0 93-06
MO, . ol 1-72 19-83 62 0-87 067 0-77 (- 83 204
HO (+) .. . tr. . 3-06 0-3] 0-12 311 (0-22 111 tr.
H,0 (=) .. . ir. 116 0-11 0-11 1-61 017 0-80 tr.
1,0, .. . = 10 = - " 18-97  12-06 L .
In<oluble residue . I=54 1 3-66 | 4-42 245 1085 308 T30 1-46
— - = — e a8 e G
Total .o 100012 { 99-11 iIO()-M 100-05 | 98-91  1W-06  [1uo-10 100-54
Sp. Gr.of Powder* .. - 2.73 ' 267 | 270 2.73 288 2.2 2.67 2:73

tanal. G. C. Carlos.)

(* The specitic gravity values of the powdered accretionary growths were
determined in distilled water at 20°C. on an air-damped balance.!

KEY TO TABLE 2.

1. Dense calcareous accretion with Ditrupa wormbetiensis, from Port
Campbell Limestone, Quarry, Spark’s Gully, 24 miles east of Port Campbell.

2. Port Campbell Limestone (aphanitie) adjacent to and enclosing specimen
No. 1 (Table 2). Quarry, Spark’s Gully, 2§ miles east of Port Campbell.

3. Nodular calcareous accretion from Port Campbell Limestone. Marble
Arch, 2% miles west-southwest of Port Campbell.

4. White to buff-coloured -calcareous accretion from
immediately above limestone in the Clifton Formation.
southwest of Princetown.

calcareous clay
Three quarter mile

5. Phosphatic cylindrical accretion from Gellibrand Clay, 1! mile west
of Princetown.

6. Phosphatic cylindrical accretion with shelly fragments.
band, Rutledge’s Creek Member. Mouth of Rutledge's Creek,
southeast of Port Campbell.

from coquina
3% miles east-

7. Round, nodular calcareous accretio

n from Gellibrand Clay. One and half
mile west of Princetown.

8. Calcareous cylindrical accretion from Por

. t Campbell Limestone. Pulpit
Rock, 4 miles east-southeast of Port Campbell,

A chemical analyvsis of the Port (

. . ampbell Limestone is
included in Table 2 (eolummn 2) for

comparison with that of an
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aceretion from the same locality ; this reveals that the enveloping
limestone, contains approximately 11-5 times as mueh magnesimm
carbonate as the lime-rich aceretion (eolumn 1, Table 2).

Ratios of the principal constitnents of the analysed aceretions
are listed in Table 3. These show a wide range in the relation-
ships of CaC'O; and MgCO. in nodules from different beds, and
significant varations in the relationships between total carbonate
contents and iusoluble residues,

TABLE 3.

Ratios of principal constitnents of analysed aceretionary growths.

Samiple Number | L10 g ‘
3

Total CO,:
{as in Table 2).

- ]
Total €0, : PO, J Insoluble Residue.

i
l
|
i
:
f
?
x

| 560 . ' 63-6
2 35 . | 24-4
3 570 . 21-3
4 105 .. | 39-6
N 450 1-6 \ Yoy
6 535 3-9 13-6
7 1068 .. 11-5
S 36-6 . | 65-5

|
|
|
|
|
x

Specific Gravity.

Specific gravity valnes of hand speeimens of different shapes
of accretions of similar and different chemical (*ompositions
determined m distilled water at 20°C. on a Walker’s Steelyard,
are shown in Table 4.

Specific gravity variations among aceretiong of the same
composition (Table 4) rveflect the presence of impurities such as
alteration products or included alien mineral matter. Thus the
speciﬁ(- gravity of pyritic aceretions in the Gellibrand Clay
3:82) varies according to degrees of alteration to gypsum
and h_le ous iron sulphates (copiapite, &c.), and in older forma-
tions (2:98—1-00) accordimg to the amounts of quartz and
carbonaceous matter entrapped from the host sediment.
KExaminations of polished surfaces counfirm these observations,
and reveal that the pyrite acts as a cement to detrital quartz

rains, thus contrasting with well-developed pyrite crystals in
Tertlal v niarie clays at Torquay, Vietoria (Edwards and Baker,
1951, pp. 40-44), where little host rock material has heen
imcorporated in the pyrite. :
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TasrLE 4.

Specific Gravity Values of various types of
Aceretionary Growths,

I o Specitie
Type. I Shapr. Sediment. Gravity.
Caleareous .. .. | Sub-spherical, nodulose .. Port Campbell Limestone .. 20 i)
" . .. | Irregular .. i % o & -:‘-3: .
. a0 .. | Ellipsoidal to sub-spherical, |- o 2:26-2-42
. flat and nodulosc B
. .. .. | Elongated, nodulose . s . 2:45 2-45
- .. .. | Uylindrical to sub-spherical Gellibrand Clay _ I 2"21.-3"7”
. .. .. | Irregular, nodulose .. Caleareous Clay of the Clifton  2.56-2. 6]
Formation
Cateareous septaria .. { Sub-spherical .. 5 o0 - a0 o0 e 7=2~{0
Pyritie, partially oxi- : Elongated, cylindrical .. Port Campbell Limestone | . 367
dized
Pyritic, altered to gyp- | Irregular, nodulose to eyvlin- . Gellibrand Clay .. .. 2:33-3-82
sum and copiapite, |  drical
&e. ,
Pyritic, with some in- Sub-spherical to tuberous and ~ Princcetown Member (earbona- | 2.98-3.43
cluded carbonaceous ellipsoidal ceons silty sandstoue)
matter
o0 % . ! Trregular .. .. ' Dilwyn Clay (ecarbonaceous 310
. silty clay)
Pyritic .. .. | Nub-spherieal to ovoidal .. Pebble Doint  Formation 3-90-4-0m
(sandy grits, &c.)
” oG ok o o0 . .. | Otway Group (arkosc) .o 3:43-3-46
Phosphatic .. .. Cylindrical .. .. | Coquina  band, Rutledge's 245
Creck Mentber
% .. .. Irregular, sub-spherical, ellip- | Clifton Formation Phos- | 2.74-3.27
soidal, cylindrical phorite
Phosphatic with Glau- | Sub-spherical to ellipsoidal ~ Dilwyn Silty Clay o g0
conite 1
o0 ’ o0 o0 . - Pebble  Point  Formmtion 2-69-2.73
(sandy grits, &c.)
Limonitic .. .. | Layers .. - .. | Pebble  Point  Formation 2-82-2.93
. L (gritty ironstone)
leor}lt‘u- (oxidized | Elongated, cylindrical .« | Port Campbell Limestone .. 2-86-3-32
pyritic accretions) ‘
Limonitie (brown) .. | Sub.spherical Holocene * buckshot gravel ™ | 2.70-2.83

horizon |

Limonitic (black) . - - . . } } e

Specific gravity variations of limonitic layer aceretionary
structures from the Pebble Point Formation (Table 1), arise
from different contents of fine to medinm sand size, and some-
tunes coarser, quartz grains. Variations among the cylindrieal
limonitic accretions in the Port Campbell Limestone, result
from different degrees in the alteration of pyrite to limonite,
Among the ¢ buckshot gravel ’ nodules and granules, the varia-
tions in specific gravity (2:70—3-53) are due primarily to
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differences in the nature and amount of the iron oxide composing
then, some being earthy and limonitie, others being more compact
and containing magnetic iron oxide (? maghemite).

Phosphatic accretionary growths vary in specific gravity
hecause of different contents of (a) shell debris and micro-fossils,
(b) superficial alteration to limonite, (¢)detrital quartz grains
of varying size, (d) glauconite pellets, and (e) calcite ooliths.

Specific gravity differences (2-21—2-61) among calcareous
accretions are due largely to varying degrees of compaction and
cementation, and partly to different contents of adventitious
mineral matter, shell debris, and /or small fossils.

TYPES OF ACCRETIONARY (GROWTH STRUCTU RES.
Jalcareous Aceretionary Growths

The wide vertical distribution of calcareous accretions is
shown in Table 1, where the range is indicated as extending
from Lower Cretaceous to Recent and ocenrrences are listed from
most of the formations.

Lower Cretaceous

Examples of late diagenetic calcareous acceretions from the
Lower Cretaceous arkose are two inches up to a foot or so
across, mainly spherical to sub-spherical in shape, sometimes
ovoidal, and on weathering, they protrude conspicuously from
cliff faces and shore platforms as ‘‘ cannon-balls ”” (¢f. Edwards
and Baker, 1943; Baker, 1950, p. 19). They contain trom 45 per
cent. to 50 per cent. acid soluble (1 : 1 HCI) carbonate, and
detrital quartz, felspar, chlorite and occasional hornblende,
biotite, zircon, tourmaline, &c. The carbonate is largely calcite
which acts as a cement and forms coatings around mnost detrital
grains, besides infilling many interspaces. Because of this, the
¢« ecannon-bhalls 77 seldom reveal concentric intermal structures,
while bedding planes, whether horizontal or dipping, sometines
appear to pass uninterruptedly through them. In places, they
reveal small flange-like protuberances resulting from extended
growth along the bedding planes.

In addition, flat-lying lenticunlar nodules and sheets occur
along bedding planes, while occasional precipitation along joints,
espeecially on the northwest side of Point Lucton, has resulted
in the development of steep to almost vertical veins of epigenetic
calcite.
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The ** canmeon-halls ™ ocenr in loi-allizml POSININNS, e, ax at
the head of Craytish Bay and in cliff faces and shove ]ilil.tinlllf.\
at The Gable and Peoint Lucton: their size and coneentration are
evidently due largely to variations in porosity of the ho-t 511’1{«);’0.
The principal cement away from these stroctures, is lll\(,‘“l'\(i
caleite, but in much smaller concentrations (oceazionally as low
az 3 per cent. of the matrix) : it was derived from counate waters
( Edwards and Baker. 1943, p. 207). Layered caleite along jomt
aud bedding planes ix partly secondary to the caleite cement of
the host rock, and a few examples have been observed in which
they cut through the aeeretions.

Lower Mioccive to Oligoce i

Caleareons aceretions in mavine caleareons clavs tv\'(‘l'l.\"ill}_"
the Clifton Formation limestone, average 27 x 27 X 17 i ~ize.
and are sub-spherical to hrregnlar, rarely nodulose, Some have
the typical eracks of =epraria (Plate 11, fig. I’) which ave not
mfilled with mineral matrer and which erwdely radiate and widen
towards the centres of hand specimens. These arve solenines
crossed by finer ecracks concentrie with the margins of the
aceretions, but the whole pattern of eracks i< largely polyveonal.

Most specimens have pure white, sott chalky ernsts ( Plate
[, fig. Q) and more coupact corves ot cheese-like consizteney
and pale buff colom.  Thev are Prineipally caleiun carbonate
( Table 3. colmmu 4), with a =mall amonnt of butt-colonred clay.
minute gnartz particles, rave zireon and rare dark hrown, <ansage-
like pellets 1 . long (probably toceal pellers).

The growth of these acevetions in caleareons clavs juvolves
initial development of a caleareons gel mas== containing a lirtle
ahmininm and maguesimm carbouate, CCaze hardening, followed
by dehydration of interior portions, resnlted in a pattern of
surface eracks from shrinkage ou irreversible chemical desicea-
non.  Subsequent exposnre to atmespheric agents and wetting
hy sea spray. produced the white, =0ft chalky ernsts, in a manuer
comparable with the production of patination in flint,

Miocene

Miocene calcareons Aceretions ocenr as oceasional nodules in
the marine caleareons Gellibrand Clay and Glenample Clayv, and
as numerous nodules, sheets and cvlindrieal struetures. &e. in
the more favourable horizons of the marine aphanitic Popt
Campbell Limestone, '
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Gellibrand Clay

Sub-spherical, eylindrical and tuberous accretions in the
Gellibrand Clay are 1” to 47 across (Plate LI, figs. i to N)
They consist largely of CaCOQ:, hut contain a Tittle magnesitm
carbonate, dhnnnla, and mgmhoant proportions of msohlble
residue ( Table 2 2, column T) composed of pale pinkish- -buft clay
with abundant small, angular quartz grains and rare zoisite,
zircon and garnet.

Tu thin sections, the analysed aceretion (Table 2, column 7)
reveals a matrix of fine- grained, iuterlocking aggregates of
aleite erystals 0-02 mun. across.  (‘omplete skeletons of tora-
winifera, minite gasteropods and ostracods like those in the host
sediment, are embedded m the minutely gramlar caleite matrix;
their interiors are usually infilled with coarser caleite erystals
np to 0-15 mm. across. The matrix also contains fragments of
bryozoa, broken spines and spienles, and rare fragments of
larger shelly fossils. Ocecastonal sinall, vugh-like structnres lined
with caleite erystals 0-05 mm. in \17e could represent replaced
portions of fragmented fossils. Rare minute pellets of glauconite
are little larger than the graunular calcite, while glanconite also
infills a few tests of foraminifera. As there is no evidence to
show . that fragmentation of the fossils resmlted directly from
aceretionary-generating processes, 1t is apparent that some
submarine erosion, by current action, occurred prior to
sedimentation, and less stable skeletal elements were therebhy
fractured.

The aceretions are regarded as being syngenetic to early
diagenetic¢, in a sediment accumulated partly by enrrent action.
Jomponents were carried in to a region where a rather more
stagnant environment prevailed than for the greater part of the
depositional period of the younger Port Campbell Limestone.
The acid soluble (1 : 1 HC1) fraction of the host calcareons ¢lay
18 sometimes as low as 36 per cent., which is approximately 2-5
titnes less than the caleareons acceretions.

The area of deposition was largely one in which fine detrital
terrigenous mineral atter, accompanied by fossil fragments,
micro-fossils and shells of larger forms living in the muddy
caleareous environnient, were accmmulated 1mder quicscent
conditions. The growth of aceretions in this sediment was thus
comparable to that outlined by Weeks (1953). Removal of ('O,
that had accumulated under the somewhat stagnant enviromment
was inhibited. Rapid using up of available oxygen resulted in
lime being retained in solution as hicarbonate. The caleium
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carbonate was subsequently deposited as aceretions in favomrable
positions, snel ax avound congregated fossil shelly matter, where
the soft parts of the organising, decomposing mnder anaerobre
conditions, locally vielded centres with an alkaline enviromuent
of ammonia or aimines. Coudifious were {hms created where the
pIL valne was approxinately 7-5 auwd hence favourable for
CaC'O, precipitation.  Nuelei for initial precipitation were
provided hy foramiunifera, ostracods, small gasteropods, small
Fragments of Jarger shells and brvozoa, and fo soue extend by
Foccal pellets, glanconite pellets and detrital mineral gras,

Somewhat staguant enviroments such as (his ave normally
low positive (only slightly oxidising) in the oxidation-reduction
potential, ranging to negative (redneing) ; the existence of
stagnant conditions rvather than the low oxidizing-redunetion
potential, initially vetained the lime in solntion,

(lenample Clay

Calearcons aceretions in the Glenample Clay are generally
similar v appearvimee and origin bnt less freqnent than in the
Gellibrand Clay, the sediment containing fewer fossils, Towards
the top of the formation, which heralds in the more riehly
alearcous  sedimentation of  the Port  Camipbell  Liniestone
formation, l:]:\'(‘l'(‘(l accretionary  growths  tormed prominently
Mong some of {he hedding planes,

Port Campbell Limestone

The most abundant calearcons aceretions exposed in the
area studied, ocenr in the Himestone facies characterising the
Port Camphell Limestone,  This formation, sone 250 {0 300 feoet
thiek, ocenes at the top of the ot particularly thick Tertiary
series ot sediments (some 2,500 o 3000 feet thick) of the
Moonlight Head o (‘»:unplm”——l’vim-hm-ongh region, It is of
wide Tateral extent, however, amd exposed in many [)}:1;‘(‘.\‘ The
hest arvay of aceretions ocenrs on stripped zones ( Baker .1‘)58)
produced at ¢hiff edges in positions where sea spray and rain.
water run-off combine effeetively to remove vegetation, soils "111(1
veneers of Post-Mioeene Clay,  Sneh stripped Zon10s "u“\" m
width along certain of the oljff tops from a few f'(‘(:l‘ -n“ ”1(: dges
of elifs np to 200 feot high, to 60 or 70 vards on (-.liﬁ' t (E o
to 40 or 50 feet high, ' ‘ ol

Along most parts of the limestone sections of the constline
extending  from Gibson's  Boeael throngh  Port Camphell  to

datarhorones :
Peterborongh and hevond (figs. 1 and 2). the caleareons aceretions
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stand out from bold, vertical ¢liffs as more or less horizontal
lines of small isolated kuobs or as narrow, thin ledges where
united into more or less continnous layers. Such growths appear
in cliff faces more frequently towards the upper portions, where
the several thin layers are so spaced as to extend over a zone
np to 6 teet or so thick, as at Point Hesse, Broken Head and
environs (Baker, 1958), the Amphitheatre, &e.

Nodular varieties of the aceretions are mainly irregular in
shape, sometimes tuberous (Plate 1., figs. A and B), eylindrical
(Plate I1., fig. D), or ring-like (Baker, 1958, Plate X XVIIL).
Others are sub-spheroidal to ovoidal and wrinkled (Plate L., figs.
F,N, R, S and 1"). The more irregular of the isolated aceretions
commonly possess wart-like excrescences (IPlate 1., figs. (' and
U). Where a number of smaller aceretions partially coalesce,
filigree patterns (Plate 1., fig. Q) sometimes result.

Noue of these aceretions show concentrie structures.  Some
contaim sueh macro-fossils as Ditrupa wormbetionsis, Seripecten
yahlensis, echinoids, hrachiopods and bryozoa, others contain
miero-fossils such as  foraminifera, ostracods and spicular
fragments. The genera and species of these fossils are the sane
as 1n the host sediment. T.ess stable fossil structures were
generally taken into colution, and the ingredients snhsequently
reprecipitated in the aceretions. Thin sections reveal hoth a
similar bio-facies and a similar litho-facies for aceretions and
host limestone.  Cross sections of typical eylindrical and nodnlar
aceretions (analyses 3 and 8, Table 2) show rare, small angular
grains of qnartz, rarve felspar, a little glanconite, occasional
complete foraminifera and fragments of small shells and hryozoa,
set in a matrix of fine-grained calcite, Much of the ecaleite
cement i mnrky and forms crvstals 0-005 mm, to 0-600 mmn.
m size; raver clear caleite cryvstals average 0-040 mm. across.
Apart from mnon-filled bryozoal structures, pore spaces are
common and range in size from 0-1 mm. to eavities of irregular
shape approximately 5 mm. hy 2 m.

The Port Campbell Limestone was formed on a shallow,
well-aerated sea bottom subject to only small inflnx of clastic
terrigenous 1aterial, so that relatively pure limestone
aceumulated. Horizons rather richer in calecareous materials
than others. are up to 98 per cent. acid soluble (1 ;1 HCL),

Much of the limestone was originally a calcareous slime into
which dropped small complete organisms, fragments of
organisms, and a little fine detrital mineral matter. During
diagenesis, crystallization within the bounds of the growing
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accretions yielded small caleite ervstals in places nneleared of
minute inclusions; some of the larger pore spaces became lined
with clearer calcite. The rock thus seems to have been partly
detrital and partly a gelatinons chemical precipitate wl‘n(_-,h.
during diagenesis, crystallized as fine-grained aggregates to form
the mmuerous aceretions.

Comparison of aceretions and host Inestone <hows that the
aceretions contain 98 per cent. acid =oluble cavhonates and little
fine-grained (-100 mesh B.S.S.) mineral matter. while the
adjacent limestone contains rather less =oluble carbonates and s
little more insoluble residue (Table 2, colimums 1. 2, 3 and 8).
Anmoug the insoluble residues are hnff-colonred isotropie clay
snbstances, rare angular quartz and gamet, oceasional chitinons
matter, a few plates of muscovite, rare prisinatic tomramaline
(possibly anthigenie), mierocline, orthoclase, ziveon., a fow opaqIe
minerals and partially oxidised glauconite,

Althougl there was no significant change in total carbonates
o1t accretionary growth, there ave nevertheloss nirked differences
in the relative amounts of CaC'0. and MgCO, hetween aceretion
and host rock (Table 2, colimims 1 2). Ratios of (a('(Q),
MgCO: ave similar for different aceretions from  localities
five miles apart (Table 3. Nos. 1 and 3). but these are considerably
i excess of the ratios for the host limestone (Tahle 3. No. 2).
The greater lime carbonate content of the aceretions is apparently
due to caleareous shelly matter being dissolved and reprecipitated
soon after deposition, under conditions of local increases of pH
value favouring lime carbonate Precipitation, at a tine when the
enveloping caleiwm-magnesinm carbonate was unlithified and
possibly gel-like,

N.o bedding planes have been observed passing through the
accretions (¢f. Tarr, 1921), and the indications are that the
aceretions are syngenetic to early diagenetic in origin,  Whereas
the magnesimi-bearing host hecane compacted to form a soft
friable, aphanitie, pale buff-colonred limestone with an earthy
appearance, the accretions were cemented into more compact
bodle's enclosing generally fewer hut nevertheless similar fossil
remams. The different physical characteristics of the '1(-(-1'eti6;1Q
rendered‘ them less prone to attack hy erosion. ( ‘

Post-Miocene Clay
Calcareons aceretions in the Post-Miocen
the Miocene limestone (Baker, 1944, p- 95)
those in the Port Campbell Limestone forn

e Clay which caps
are identical with
ation, where thev
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were formed originally. They were more resistant to processes
of dissolution that affected the upper horizons of the friable
limestone from which the Clay capping is a residual deposit, and
hence they constitute remanié accretions. =

Pleistocene

The Pleistocene dune limestone contains calcareous aceretions
of epigenetic origin. Consisting largely of CaCO; with a little
MgCO;, they formi secondary discontinuous layers of dense
travertinous material, one to three inches thick, along some majoyr
stratification and minor cross-hedding planes. They formed
from solution of comminuted shell waste that comprises a
considerable proportion of the dune limestoune, followed hy
precipitation along bedding structures. A few nodular growths
arose from partial cementation hy material similarly derived,
but precipitated in interstices of the highlv porous dune rock.

Holocene

Caleareous accretions in Recent to Holocene beach, cave and
dune sands vary in shape, position of formation and mode of
origin.  Different forms acquired different shapes and sizex
according to the prevalent conditions in their places of formation.
Thus normal stalactites, stalagmites and stalagmitic encrusta-
tions were accreted in several caves i the Port Campbell
Linestone along various parts of the coastline (Baker and
Frostick, 1951), sand stalagmites were developed in the upper
layers of the sandy floors of certain caves in the limestone (Baker,
1942, p. 662), while pisoliths and ecalcareous ‘‘ spats’ were
generated in cave pools (Baker and Frostick, 1951). Beach
plasters grew where higher-level heach sands averaging 75 per
cent, acid soluble (1 : 1 HCIl) constituents hecame cemented to
cliff bases in places of more concentrated cliff face seepage of
carbonate-rich waters (Baker, 1943, fig. 23, p. 372); their
positions, up to six and eight feet above normal beach level.
indicate former heach heights at the cliff bases.

In addition, tubular and solid cylindrical councretions and
sub-spheroidal to ellipsoidal nodules of secondary CaCO., lying
loosely in more recent (unconsolidated) dune sands, have been
accumulated around roots and fallen twigs, &c.

The cave pisoliths in particular, the calcareous stalactites.
stalagmites and stalagmitie encrustations generally, and some of
the eylindrical concretions from the aeolian sediments, are the
only ones with true concentrie structures. -
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The soils of the distriet contain occasional caleareons
vodnles and thin sheets of calcarcons ** hardpan ™, formed
epigenetieally from carbonate-rich waters etrenlating through
the Port Canapbell Limestone. These are nsually denser and
less porons than calearcons aceretions in the Port Cawphell
Limestone.

(‘alcareons micro-aceretions of syngenetic to carly diagenetie
origin, are represented in varions parts of the stratigraphical
sueeession by sieh featnres as (1) concentrie rims around detrital
grains in Lower (retaccous arkose, (ii) concentric hands and
cores in caleite-siderite-glanconite ooliths iu the Pebble Poimt
Formation, and (iii) caleite coatings avound detrital grains iu
a thin bed of sandstone interbedded with the lower part of the
Dilwyn Silty (lay, where caleite also ocenrs in ooliths,

Of recent origin are the calearcons cave ooliths (upper
size limit = 2 mim, in diameter), found with cave pisoliths in
suiall pools of carbonated waters on the floors of caves in Loch
Ard Gorge (Baker and Frostick, 1931).

Siderite Aeeretionary Growths

Rare nodule-like aceretionary growths of siderite up to 6”7
and 127 across, ocenr in the Paleocene conglomerate of the
Pebble Point Formation, Devil’s Kitehen area. Derived by
weathering from Lower Cretaceons arkose and mudstone, theyv
are rounded, well-polished, often hnff-colonred to darker hrowin,
and rometimes reveal mmmerous fine, superticial eracks.  Thin
coatings of limonite on several of the siderite aceretions ave
likewise cracked.

Plosphatic Acceretionary Growths

Acceretions of phosphate oceur sporadically in the Paleocene
and Lower Eocene strata of the Moonlight Head—Princetow:,
district. A phosphorite bed 3 to 4 feet thick i the Lower
Miocene-Oligocene Clifton Formation, is composed largely of
phosphatic nodnles. Isolated examples containing nearly 19 pev
cent. P.0s appear in a few horizons of the Miocene, e.g. Gellihraind
Clay and Rutledge’s Creek Member.

Puleocene-Lower Eocene

Phosphatic aceretions in  the Paleoeenc Pebble
Formation are seldom sharply defined against the
host glanconitic coarse sandstones and grits,

Point
matrix of the
and only becone
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evident on weathering. They are sub-spherical to irregular in
shape (Plate IT., figs. Y and %), up to 5” across, syngenetic 1u
origin, aud were evidently precipitated as a colloidal gel
incorporating extraneous matter., Ou testing, they yield little
evidence of carbonates and an estimated few per cent. of P.Os.
A few contain shelly fragments, others consist of pellets of
glauconite, rounded quartz grains up to 4 mm. across, and some
argillaceons material with the phosphate.

In the younger Rivernook. Member which is interbedded
with the Dilwyn Silty Clay, occasional phosphatic aceretions
contain rather more caleite and a little siderite. Qualitative
tests indicate an estimated amount of not over 3 or 4 per cent,
P.0.. They are more sharply defined against the host sediment
(glauconitic silty clay), and sub-spherical to spherical in shape;
a few are more calearcous still, with only traces of phosphate
( Baker, 1950, p. 24).

Some 250 feet stratigraphically higher in the Dilwyn Silty
(lay, a few phosphatic accretions exposed in dark grey silty
claystone west of Rivernook House (fig. 2), are 3” across, light
grey in colour, and almost spherical in shape. They contain
Nuculana, small globose gasteropods, fragments of wood and an
oceasional propodns of Callianassa, all of which, among others,
are represented in the Paleocene Pebble Point Formation.
Along with pellets of glanconite, these fossils are enclosed in a
compact cement of collophane; residues from acid digestion
contain plant debris, foecal pellets and detrital quartz, bleached
hiotite, magnetite, epidote, zircon, flint. ilmenite and leucoxene,
of average grain size 0-2 mwm. Most grains are rounded to
sub-angular, the smallest are ¢nite angular.

Thin sections reveal a matrix of caleareons material and
hrown collophane with embedded detrital grains. Original wood
fragments have been replaced by calcite, leaving isolated
remnants of brown to hlaek carbonaceons matter enclosing a few
small grains of pyrite. Fragments of hryozoa have been partially
replaced by collophane and sonie chambers of foraminifera partly
infilled with pyrite and collophane.

These aceretions evidently formed syngeuetically on the sea
floor, in the presence of organic matter and a little detritus of a
non-organic character, as a rvesult of chemical reaction and
precipitation.

6259/60.—3
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Lower Miocene-Oligocene

Abundant phosphatic aceretions in the Clifton Formation
ave 37 to 127 long (Baker, 1945, p. 89), light to dark brown in
colour, have relatively smooth swrfaces, and are mostly ovoidal
to irregular, sometimes evlindrical in shape (Plate T1. figs. R

to V).

They are principally collophane with varving amounts of
shelly and detrital mineral matter; the P:O; content ranges from
nearly 1 per cent. to 15 per cent.  Examples with dark coloured
onter crusts are highter brown instde, the outer ernsts consisting
of limonite np to 1 mm. thick, developed hy recent weathering.

Thin sections show a cement largely constituted ot isotropic.
amorphons collophane, which also ocenrs in places as pellet
phosphate. The cemtent includes angular quarvtz 0-2 nn. across
and well-rounded quartz grains up to 2 . across; grams of
fresh felspar and flakes of white mica appear in a few of the
accretions.  Narrow rims of manganese dioxide envelope some
of the quartz grains, while layers of lepidoerocite 0-8 . thick.
caleite 0-2 mm. thick and further lepidocrocite 0-1 mnn. 1o
1-0 nm. thick, forn the ounter crust of the dark colonred nodules,
The cores of such accretions are hrown collophane with oceasional
detrital grains, foraminifera, fragments of brvozoa., swall
brachiopods. gasteropods and spinex of echinoids,  (/lobigerine.
the more eonmounly represented genus among the formminifera,
frequently shows exceptionally well-prezerved  ornamentation,
while some of the Lagenids and a few others are also relativelv
well-preserved ; some are filled with colophane, others with
caleite.  Zooaria of hryozoa encerusting some of the areretions,
are usually phosphatized. sometimes replaced by iron hvdroxide.
according to whether they were exposed to recent \\'oa’r]'u"]'in;: 01
protected in unexposed parts of the nodule hed.

These nodules were originally rvegarded as rolled pebbles
(Wilkinson, 1865), but their phosphatic natnre was not recognized
mtil more recently (Baker, 1945). Their smooth surfaces and
rounded character suggest growth while rolling on the sen hed
for even irregularly shaped and somewhat branching \’m‘ioﬁosj
reveal some ronnding. Because of conflicting evidence, there je
some doubt regarding the origin of all of these aceretions, The
presence among them of the derived TPaleocene nantilod
Deltovdonautilus bakeri Teichert (ef. Aturia clarke; according 1o
M. F. Glaessner), in a phosphatic matrix like that of the nodnles
generally, points to the possibility of some of the aceretions heing
allochthionons.  Hmelosed foraminifera, &c.. in other abcretimi
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from the same deposit, however, are autochthonous, heing the
sanle as geuera aund species in the matrix of the host sediment,
whieh is mainly a similar matrix to that of the Clifton limestoue.
Also, quartz grains of similar size and similar degree of rounding
as quartz grains in the underlying deposit (gritty sandstone with
shell fragments), indicate that snch nodules were formed more
or less in situ, aud not transported in as products weathered
from older formations. The enerusting bryozoa, swhich are
antochthonons, do not help to solve the problem, for they conld
have hecome attached to either a newly formed or a derived
nodule. Beintg non-weathered themselves, however, there is no
doubt that such brvozoa helong to the host sediment, aud hence
hrvozoal-encrusted phosphatic nodules were not transported in
as sneh,

An explanation of the above evideuce requires the co-
existence in the same nodule hed of phosphatic accretions devived
in different zones—some were chentically precipitated on a sea
floor of nuconsolidated gritty sandstone in Lower Miocenic-
Oligocene times, and are autochthonous, a smaller munber was
derived hy erosion of nearby Lower Eocenc-Paleocene sedintents
and transported into the Lower Miocene-Oligocene theatre of
sedimentation, and are allochthonons.

The presence of sueh phogphatie aceretions in stratigraphical
sequences, usnally indicates an unconformity, The Clifton
phosphorite is at the bhase of the Chffon Formation, and
apparently conformable with the underlying gritty sandstone.
Tts nodnles are set in a mixed matrix constituted partly of Clifton
limestone ingredients, partly of gritty sandstone coustituents.
The fossilg in this matrix are the same as those in the Clifton
limestone, whicl is rich in well-preserved bryozoa, pelecypoda.
single corals, echinoids, sharks’ teeth, &e. It wonld thns appear
that the Clifton phosphorite and limestone mark the onset of late
Oligocene to early Miocene sedimentation in these parts of
Victoria, while the gritty sandstone forming the sea floor at
that time. evidently represents the termination of Eocene
sedintentation.

A few feet above the phosphorite bed, two bands up to a
foot thick cach, in the Clifton limestone, are also partially
phosphatized, They are possibly late diagenetie or eveu epigenetic
in  origin, the phosphate connng from eunclosed hryozoa,
hrachiopods, &-. Deposition from commate waters locally enriched
m phosphate, was largely coufined to two bedding planes, but:
also formed a few aceretions within the body of the limestone.
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Radioacltivity of e plosphatic acerelions

Antoradiographic  examination  of  phosphatic  aceretions
From the Clifton Formation revealed an even, thongh sparsely
seattered distribution of alpha-particle activity, after 21 days
exposine to an Hford €2 (50 microns) melear rescaveh enmlsion
plate.  Rare relatively weak concentrations of alpha-particle
tracks dne to point sources, indicate somewhat higher, local
activity, evidently avising from small spots of radiocolloids.

Analysed phosphorites (Davidson and  Atkin, 1953) show
0-001 per cent. to 0-150 per cent. U0« with thorinm negligible
and potash insignificant in all phosphorites.

Sinee no diserete nranimu minerals have heen detected in
the Chfton phosphorite, its weak radioactivity can only he
attiibnted 1o the collophane phase being nranimm-bearing.  'I'he
mraninm evidently possesses a greater geochemieal aftinity with
the apatite  (collophane)  strnetnre than with  other phases
cnconntered, the nraninm snbstitnting for caleimn in the lattice.
On the other hand, the concentration of oranimn in riel
phosphate heds of the Phosphoria Formation, Woestern US\.
(Thompson, 1953) ix not wholly due 1o the phosphate. and may
partly depend on the organic matter or other components present.
Henee, in the Clifton phosphorite, point sonrcees of activity may
represent ananimm associated with  organic matter containing
radiocolloids, or with rare local concentration independent of
sneh fossil orgamunsis, The general nature of the antoradiograph,
however, with its wide seatter of alpha-particle tracks, points to
the wider sprread collophane as the sonree of mmeh of 1he Joss
concentrated radioactivity.

bavidson and x\ll{i}l (1953) have shown that there is normally
a fixed U0, PO vatio thronghont any single smmple, but that
thronghout any sequence of phosphatic sediments, the nraninm
content nay so vary that the vichest phosphate heds are not
:II\\':I‘}'.\' the more 1':ulmzu-t_i\'v. Nince there is an antipathetic
relationship hetween wraninm and carhon dioxide, caleinm ricl;
])]l.n.\‘l)ht)l‘if(‘ﬁ ill'(‘-ill\\':l'\'.\' low in maninm. On this basis, the
Clifton phosphorite, \\'11‘]1‘1'1.\' phosphatic aceretions cmbedded i
a strongly calearcons environment, nimst he expeeted fo POSSCRS
only a low nranimn content., a

Miocene

Phosphatic aceretions are sparse in the Miocene sedimoents
Only a few wolated exannples oceme in the Gellilian q
in the Rntledge™s Creek Member, where they
svngenetie in origin, '

d Clay and
are evudently
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One from the Gellibrand (lay (portion shown in Plate 11,
fig. O), measuring 18” by 17 in size, 1s eyvlindrical in shape. Its
dip was the same in amount and direction as the poorly
marked hedding planes of the host sediment, It is of hrownish
colonr and contains approximately 19 per cent. 12.0. ('Table 2.
cohimm 5).  Small complete fossils and fragments of fossils in
the acceretion, match those in the host caleareons clayv.

Oune i the caleareous clay at Rutledge’s Creek (Plate 1.,
fig. ), contains less P.O. (Table 2, c¢olumn 6) and more
calcareons material. 1t was colleeted from a biostrome in the
caleareons clay. The ('O. : P.O; ratios (Table 3, Nox. 5 and 6)
are variable, heing twice as great for the Rutledge’s (reck
spectinen.  This aceretion is also evlindrical in shape, and
measures o7 hy 17, It likewise lay with its longer axis parallel
with bedding planes whichh are stressed at Rntledge’s Creek by
laminae of shelly material in places.  This aceretion contains
conmnimited  shelly matter, set in a calearcons-phosphatic-
argillacecons matrix, Two biostromes in the Runtledge’s Creck
Member, provide records of two periods of wholesale destrnetion
of marine Miocene organisms, the destroved portions of which
vielded small, local concentrations of phosphate, and these, with
caleareons material, produced the isolated aceretions.

Insoluble residues from the Miocene phosphatic aceretions
are small in amonnt, but three times as great from the Gellibrand
(lay as from the Runtledge’s Creek Memnber (Table 2, cohnnns 5
and 6). The residnes include pinkish-buff colonred clay, small
angnlar quartz grains, and rare zircon, garnet and white mica.

Kach of the aceretions contains similar amomnts of Mg('O,
('Table 2) and comparable ratios of CaC'Os: Mg('O. ("Table 3).
A t’

Syngenetic to early diagenetie phosphatic micro-aceretions
oceur as pellets in the Pebble Point Formation, and in both the
limestone and  the phosphorite in the Clifton  Formation,
Oceasional oolitie collophane grains in the Dilwyn Silty Clay,
and in its thin stratum of interbedded sandstone containing
Trochocyathus and  Odontaspis, are sometimes rinnmued with
pyrite, =ometimes almost completely replaced by pyrite (Baker,
1943a, p. 248).

Pyritic Accretionary Growltles

Aceretions of pyrite are essentially small, fine-grained crystal
aggregates, aud are typical of less caleareous to noun-calcareous
carhonaceons sediments which appear low down in the Tertiary
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sneeession, althongh they have also been noted in the arlier
laenstrine Lower (retaceons arkose and in the mneh later marine
Port Campbell Linestone (Miocene).

The crystal aggregates tend to be irregnlar in arrangement :
wore regular radial struetures of spherulitic types (Plate A
g, V) are infrequent.  Sonme contain pyritized tossils as unelei
(Plate 11., fige, F and ().

Polished snrfaces of the pyritic acerctions from several
liorizons in the Tertiary sediments, and also from the Lower
Cretaceons arkose, reveal that marcasite ix absent (ef, Kdwards
and Baker, 1951, pp. 40-45; Baker, 1955, p. 128).

Lower Crelaccons

Pyvitic aceretionary growths have heen noted in the Lower
Cretaceons arkose forming the shore platform on the Devil's
Kitehen side of Point Lueton, and are ouly aceessible at low
tides, They possess thin, dark brown limonitic exteriors, and
ocenr as single nodnles and small gronps of nodnlar forns ranging
up to 3”7 hy 27 by 17 in size.  Like the ealearcons aceretions i)
this rock, some of the pyritic aceretions when freed from the
lost sediment, reveal small flange-like stimnetnres developed hy
slightly extended growth along a promivent bedding plane. They
were evidently formed in mneh the same way and apparently
abont the same time iu the late diagenetic history of the
sediments, as were the caleaveons and  sideritie aceretiongry
erowths. '

Polished snrfaces reveal that the pyrite eneloses transhicent
miunerals (quartz and felspar) and the following opaqgue minerals
magnetite, Hinonite  with  oceasional renmmnants  of naguetite,
thnenite and rutite.  Loeally, the pyrite has lavgely replaced the
calearcous and,/ov argillaceous cement of the arkose host. The
pyrite teuds to he rather wore concentrated in the onter zones
of the nodnles, forming move heavily pyvritized vins APPLoxi-
mately 1 nun. thick, In such areas, threads of pyrite are more
frequent along eracks in the quavtz and aloug c¢leavage planes in
ﬂ)w felspars, than they are towards central portions of the nodnlex,
Parts of the pyrite nodules ave crowded wit] mmute residnal
particles of mreplaced gangue; such arcas are more Commion
towards central portions of the nodules.

Paleocene-Lower Eocene
A few pyrite aceretions in the Pebble Point Formation ;e

sub-sphevical to ovoidal nodules np to 17 across ( Plate 1]
figs. V to X)). Several reveal internal vadisl growths, in places
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terrupted by included detrital quartz graing up to 0+5 mu, in
size. Minute euhedra of pyrite ave occasionally exposed on outer
surfaces of some of the aceretions. A few elongated aceretions
consist of pyrite replacing foxsil wood, others ave partially
replaced shelly fossils.

~ Pyrite aceretions oceur sporadically in the Dilwyn Silty
Clay, where they are sometnues flat and elongated, measuring
157 by 17 by one sixth of an inch. In the thin interpedded
sandstone bed containing Trocliocyathus and Odontaspis, pyrite
nodules are up to 4 mm. in size, while adjacent parts of the
sante hed reveal pyrite partially replacing the argillaceous
matrix. They ave larger and more numerons in the Princetown
Member (12.M. on tig. 2), where they form nodular growths with
variahle amounts of interstitial pyrite cement, rather than crystal
aggregates.  Their shapes vary from sub-spherical (11”7 across)
and elliproidal (17 by 37 by 1) to irrvegularly tuberons (31"
by 117 by 17). Many are dense, compact nodules of pyrite, but
some possess papillate protuberances with well-foriwed pyrite
ervstals a fraction of a millhnetre in size, studded over the outer
portions.  Many contain detrital sub-angnlar to sub-rounded
quartz graing, sone carbonaceous matter, and occasional small
areas of wmnmreplaced carbonaccous silty e¢lay.  Others form
pseudomorphous replacements and impressions of coalified wood
fragiments and of the corallnm and septa of speeies of Trocho-
cyatlius (Baker, 1953, p. 128).

Miocene
Pyrite aceretions are few in nimber, sporadically distribnted
and np to 3”7 long in the Gellibrand Clay (Baker, 1944, p. 101)
and in the Port Cawmpbell Timestone and its interbedded
Rutledge’s Creek Member. Irregularly shaped forms (Plate 11,
fig. G) represent pyritic replacements of branching hryozoans,
others partially replaced shelly fossils (Plate 11., fig. F) with

only slight disruption of the shells.

Pyrite acerctions in the Port Campbell Limestone have
been principally altered to limonite, more especially where
exposed in cliff faces and on the stripped zones (Baker, 1958)
near the edges of eliff tops, These aceretions generally have the
form of long, slender, ¢ylindrical rods with usnally more or less
parallel, straight sides (sometimes broadly enrving), rather
ronghencd surfaces and dark browu colour where strongly
oxidised, Several reveal renmants of pyrite ocenpying the cores
of the long cylindrical rods.
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They are nsually distribnted as sporadie, widely separated
individual strnetures, but in places, as at the northwestern end
of Gravel Point, they are rather more concentrated. =ome two
dozen or s0 occurring over an area of approximately 50 Snane
yvards. They range in size np to 8 or 9 inches in length and just
under 37 in diameter.  Most examples lie parallel with the hedding
planes, but a few are oblique to and a small mimber normal to
the bedding; those parallel with the bhedding <how randon
orientation within any partienlar hedding plane, A few hroken.
weathered specimens possess hollows np to 3 or 4 mn. deep at
each end, where cither the pyrite core or its more altered and
porous deconiposition products (Limonite, and rarely hasic iron
sulphates) have been removed ; such hollows are not apparently
allied to any fossil strunetures, and no sueh strietimes have been
observed directly associated with these exlindrical aceretions.
They are, however, evidently a resnlt of the activity of sulphnr
hacteria, and thus indivectly connected with the deconiposition
of the original organic matter incorporated in the Part Canphell
Limestone.

Micro-accretions of pyrvite are principally replacements of
other micro-struetures, often those of minnte fossil Organisins
and occasionally of pellets of phosphate and of glanconite.

In polished snrfaces of pyvite in the Dilwyvn Sttty Clay,
small fragments of hryvozoa have been detected in the Dy Tite.
In phosphatic portions of the interbedded sandstone «-nnta'ining'
Trochocyathus and Odontaspis, microscopic spherieal aggregates
of pyrite are embedded in a matrix of collophane, from whiel
they arve sometimes sepavated by thin rims of caleite,  Micro.
accretions in the Gellibrand Clay (Miocene) resnlt from the
pyritic replacement of foecal pellots and the mfilling ot the
chambers of foraminifera.

Significance of the authigenic pyrite

The significance of the authigenic pyrite developed in these
sediments, lies i the fact that it usually forus where marine
waters have become more or less stagnant on deoxvgcnation, as
a result of the breakdown of organic matter on bacterial attock
During the process, H:S was liberated and reacted with available
FeCO; to form pyrite. )

The organic matter was virtually all marine in the Gellibrand
Clay, the Port Campbell Limestone and the Rutledge’s (reck
Member. In the Older Tertiary rocks, however, stgnificant
quantities of terrestrial orgamic matter (mainly plant debris)
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were swept into the seas of the period, more especially during
deposition of the carbonaceous Princetown Mewber and
oceasionally during deposition of parts of the Dilwyn Silty Clay
and the Pebble Point Formation. [ these sediments, syngenetic
or early diagenetic pyritic accretions were more abuudantly
developed under conditions of more widespread stagnation.
Shelly fossils 1o longer remain in the Princetown Member.
because of the prevailing acidic conditions. In the lacustrine
Lower Cretaceous sediments, the organic matter was evidently
all of terrestrial origin, and pyritic aceretions associated with
its decomposition are very hmited in distribution.

Manganese Dioride Aceretionary Girowths

Aceretions of manganese dioxide are scarce in the Tertiary
sequence (Table 1), and have only heen noted in the Gellibrand
Clay (Miocene), where they are up to 0-5” hy 0-4” by 0-4" i ~ize.
They are evidently of syngenetic origin and are mainly composed
of manganese dioxide with some iron hydroxide and a few detrital
grains.

Limonitic Aceretionary Growtls

The limonitic aceretions are epigenetic and result prineipally
from the alteration of pyrite and glauconite in varions horizons
of the Tertiary sediments, in which they appear as layers and
nodules.

Paleocene-Lower Hocene

Oxidation of the glauconite in gritty sandstones of the
Pebble Point Formation in the Mooulight Head—Point Margaret
district (fig. 2), has given rise to abundant nodules of hmonite
and relatively extensive layers of limonite np to 5 feet thick.
Their content of quartz grains varies np to 50 per cent. of the
rock.  Fossil stroetures have been completely obliterated from
parts of the sediments so affected.

Oxidation of pyritic nodnles in ferruginous xaudstones above
the Princetown Member, hag produneed a few Hwonitic nodules.

Lower Miocene-Oligocene
A few of the smaller phosphatic nodules and =ome
phosphatized fossils in the Qlif’rm_l F()l']l.lafi()ll phosphorite, have
been completely replaced by limonite, while larger nodulex possess
enveloping c¢rusts of limonite.  Such aceretions of lmonite
result frow relatively reeent weathering of plhiosphatic nodules
exposed to sub-aerial agents, but examples with thin crusts of
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limonite enveloping a layer of carhonate which is underlain by a
zone of lepidocrocite concentrie with outer zones, are evidently
indicative of the earlier onset of Ihnonitization.

Miocene

Moxt  of the exposed  pyrite nodunles and  eyhindrical
aceretionary growths 1 the Gellibrand Clay, Port Camphell
Limestone and Rutledge’s Creek Member, have heen oxidized
to fimonite pseudomorphs. A few exposed by gnarrviug of the
Port Camphell Limestone ave rather less altered.  Occasional
shells originally infilled witl, but not replaced hy pyvite in the
Giellibrand Clay and the Rutledge’s Creek Member, have becone
disrupted by vohine inereases attendant npon alteration of the
pyrite,

I olocene

Limonitic aceretions (* hnekshot gravel ™) in an old lateritie
o1l horizon xome 187 helow the present soils, are mainly snb-
spherical to rregnlar nodnles np to 37 across, Pale to deeper
brownixh-vellow, earthy examples ave partly caleareons and
lmonitic.  Dark brown to black, more compaet varieties are
strongly magnetic maghemite, Most of these are struetureless.
but some  show  concentric  acevetionary growth struetnres.
Variations in compoxition are reflected in the specific gravity
values ("Table 4),

Associated with dissected Post-Miocene (lays near the edges
of eliff tops, occasional monnds up to 6 feet high, composed of
nregularvly shaped blocks of limonite (np to a foot ACross) . are
comparable inorigin with the * buekshot gravel ’.  Thev
represent more exteusive deposition of limonite in neav-surface
positions ( Baker, 1958, p. 178).

A few other limonitic aceretions of  somewhat ditferent
orighi, have heen generated in one or two pools in a sea cave i
Lol Avd Gorge, where they are partly ealcarcons and wepe
formed from iren hydroxide slime in caleinm carbonate-hearing
cave waters (Baker and Frostick, 1951). =

Micro-aceretions of limonite with sub-spherical shape anml

oolitic dimensions (2 mm. and nuder), are relativelv numerons
among the ** hnckshot gravel ” components,

Glavconitic decretionary Growths
Glauconite ocenrs altmost entively as miero-aceretions, nsually
small pellets. Thesge are most abnndant in the lower part of the
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Tertiary succession (ef. Table 1), especially in the Pebble Point
Iformation and the Rivernook Member, and at the base of the
Dilwyn Silty Clay; they ave rather less abundant in the sandstone
hands interbedded with the Dilwyn Silty Clay.

In the yvounger Tertiary formations, occasional glauconite
pellet aceretions are dotted throngh the matrix materials of the
Clifton phosphorite. In certain horizons of the Port Canipbell
Limestone, they are of sufficient abimmdanee in souie narrow hands
to impart a pale greenish colour to the limestone, as af the
Amphitheatre and the environs of Rutledge’s Creek.

Where freshly nncovered, the glaunconite pellets are green,
hut oxidation in many exposures has converted a large nmuher
of the pellets to a ferrnginous clay-like substance. The pellets
are mainly ovoidal in shape, and measure 0-5 mm. by 1-0 unn.
[n places, the glauconite alternates with caleite in ooliths;
clsewhere, it forms rims 0-02 . thick on quartz grains, Some
of the glauconite is weakly pleochroic and biaxial negative, and
<cems to have heen reevystallized, probably as a resnlt of the
reconstitution of mica-tvpe elay minerals nnder shallow water
marine conditions, in the presence of organic agents and nuder
redueing conditions. Some of the pellets contain admixed detrital
quartz, and were apparently subjected to considerable rolling
about on the sea floor,

Glauconite pellet aceretions in the Port Camphell Limestone
and itz interbedded Rutledge’s Creek Member, ave principally
ovoidal to sub-spherical in shape, and range np to 1 mu. in size.
Several, however, are replaced  micro-fossils,  more often

foraminifera, less frequently ostracods.

Siliceous Acevetionary (frowths

Nodules of fint with typical protuberances and rregularities
where nnbrokel, ot among worn calcareons aceretions fornuang
the bulk of the infrequent and limited pebbly and cobbly beaches
1t the base of the steep limestone cliffs, e.g., as at Deany Steps
near Port Campbell township. Similar nodnlar flints amoug
the beach components near Pebble Point, are rare among a host
of well-rounded pebbles of rocks alien to kunown outcrops in
these parts of Victoria. Fractured nodulex of flint also ocemr on
cliff tops 300 feet above sea level, near Rivernook Hounse,
Prineetown district; these were evidently collected from the
heaches by the aborigines, and utilized by them for varions

purposes.
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The Hint nodules are dense. more o less homogeneons
microcrystalline to cryvptoerystalline aggregates of vlm]vm!uuu-
silica and quartz, and stroetnreless exeept for the occasional
fossils present. ALl are patinated, with grey to white crusts
surrounding dark grey {o alimost black cores of varyving dimueter
compared with the widths of the patinated crusts. A few are
light grey to buff-colonred thronghout. indicating extensive
patination.

These flint nodules have not heen ohserved in st in any
rocks of the distriet, and althongh their content of sponge
spienles, echinoid  spines, bhryozoal fragments and  oeccasional
foraminifera scems to be generally like that of the Port Campbell
Limestone, it caumot be proved at present that the nodules were
syngenetically developed therein, 1t seems more likely that they
originated elsewhere (e.g., from the Gambier Limestone in Sonth
Australia), and were carried into the area by recent occean
currents,

Sl phatic Aeeretionary Growlhs

Aceretions composed of hydrons sulphates of Time (selenite)
and of iron (copiapite, &e.), are epigenetic and rvestricted to
those horizons in the Tertiary sediments which are richest in
pyrite nodules.

Nelenite, the least conumon type, ocenrs in the Prineetown
Member and in other parts of the Dilwyn Silty Clay, ax isolated
crystals np to an inch long, and ax a few aggregates of hlade-like
crvstals up to 3 nm long, often clondy from inclnsion of «ilt
and clay from the host rock. Rare, flat-Iving seams consist of
the more fibrous variety of gypsmm.

In sediments sneh as the Gellibrand (lay and the Rutledge s
Creek Member, small erystals of sclenite arve nsnallv confined to
enernstations on partially oxidized pyritie replacements ot fossil
gasteropods and brvozoa.

More commton, especially in the carbonaceous sedinents ji
the lower portions of the Tertiary sequence, are pale =nlphur
vellow and sometines deeper yellow to pale orange colonred,
arthy nodules of irregnlar shape, and narrow scams and filn<
along poorly defined bedding and joint planes. These consist of
hasic iron sulphates derived from alteration of the pyritic
accretionary  growths, aud in places they have igrated
considerable distances through the Lost sediments, ])i(‘kil?ff out
structure planes that arve otherwise diffienlt to trace, °




